We evaluate the supersymmetric QCD corrections to single top quark production via qq ′ → tb at the Fermilab Tevatron in the minimal supersymmetric model. We find that within the allowed range of squark and gluino masses the supersymmetric QCD corrections can only enhance the cross section by a few percent. The combined effects of SUSY QCD, SUSY EW and the Yukawa couplings can exceed 10% for minimum tan β(≃ 0.25) but are only a few percent for tan β > 1.
Introduction
Even with less expected events, single top productions at the Tevatron are also important because they involve the electroweak interaction and, therefore, can probe the electroweak sector of the theory, in contrast to the QCD pair production mechanism, and provide a consistency check on the measured parameters of the top quark in the QCD pair production. At the Tevatron single top quarks are produced primarily via W -gloun fusion process [1] and the Drell-Yan type single top process,′ → W * → tb(W * process) [2] , which can be reliably predicted in the SM and the theoretical uncertainty in the cross section is only about a few percent due to QCD corection [3] . As analysed in Ref. [4] , a high-luminosity Tevatron would allow a measurement of the cross section with a statistical uncertainty of about 6%. At this level of experimental accuracy a calculation of the radiative corrections is necessary in the SM and beyond the SM.
In Ref. [4] the QCD and Yukawa corrections to W * process have been calculated in the SM. In the Minimal Supersymmetric Model(MSSM) [5] , the Yukawa corrections from the Higgs sector and the electroweak corrections from chargino and neutralino couplings have also been evaluated [6, 7] . Very recently the effects of R-parity-violating couplings were investigated [8] . Besides these effects, the SUSY QCD corrections may also be significant and have to be considered. In this paper we evaluate the SUSY QCD corrections to single top production from W * process at the Fermilab Tevatron in the MSSM. In Sec. II, we present the analytic results in terms of the well-known standard notation of one-loop Feynman integrals. In Sec. III, we give some numerical examples and discuss the implication of our results.
Calculations
The tree-level Feynman diagram for single top quark production via′ → tb is shown in Fig.1(a) . The SUSY QCD corrections to the process′ → tb arise from the Feynman diagrams shown in Figs.1(b-g ). In our calculations, we used dimensional regularization to control all the ultraviolet divergences in the virtual loop corrections and we adopted the on-mass-shell renormalization scheme [9] . Including the SUSY QCD corrections, the renormalized amplitude for′ → tb can be written as
where M 0 is the tree-level matrix element and δM represents the SUSY QCD corrections.
M 0 is given by
where p 1 and p 2 denote the momentum of the incoming quarks q andq ′ , while p 3 and p 4 are used for the outgoing t andb quarks, andŝ is the center-of-mass energy of the subprocess. δM is given by
where δM W tb and δM W′ represent the correction to vertices W tb and W′ , respectively. From the calculation of vertex and self-energy diagrams, we have
Here the renormalization constants δZ 
where C F = 4/3 and the sum over i = 1, 2 and j = 1, 2 is implied. the functions
, are the Feynman integrals [12] . The functions F
Other form factors can obtained through the following substitutions
The constants aq i , bq i , αq iq
and λ ′q iq ′ j appearing in the above are defined as
αq 1q
αq 2q
where θq is the mixing angel of left-and right-handed squarksq L ,q R .
The renormalized differential cross section of the subprocess is
where θ is the angle between the top quark and incoming quark. Integrating this differential cross section over cos θ one gets the cross section for subprocesŝ
where the tree-level cross section is given bŷ
The total hadronic cross section for the production of single-top-quark via′ can be written in the form
where
and
Here A and B denote the incident hadrons and P 1 and P 2 are their four-momenta, while i, j are the initial partons and x 1 and x 2 are their longitudinal momentum fractions. The functions f A i and f B j are the usual parton distributions [10, 11] . Finally, introducing the convenient variable τ = x 1 x 2 , and changing independent variables, the total cross section becomes
where τ 0 = (m t + m b ) 2 /s. The quantity dL ij /dτ is the parton luminosity, which is defined to be
Numerical results and conclusion
In the following we present numerical results for the corrections to the total cross section for single top quark production via′ → tb at the Fermilab Tevatron with √ s = 2 TeV. In our numerical calculations, we use the MRSA' parton distribution functions [11] . For the parameters involed, we choose m W = 80.33GeV, m t = 176GeV, m b = 4.9GeV, α ew = 1/128.8. Also the cuts of |η| < 2.5 and p t > 20 GeV are applied.
In our anlytical results several different squarks are involved, i.e.,t i ,b i ,q i andq
The mixing between left-and right-handed squarks are negligible except for stops.
But in our calculation we, for simplicity, consider a special case: no mixing between left-and right-handed stops and assuming all squark masses are degenerate. Thus the SUSY parameters involved in our calculation are reduced to only two, i.e., gluino mass and squark mass. and stop is crossed in this region. Near the peak the correction is negative and quite large, for example at mg = 80 GeV the correction is -7.5%. But, as shown in Fig.2, only in a very narrow range around the peak that the magnitude of correction can exceed 5%. For mg > 100 GeV, the correction is completely negligible. As shown in Fig.4 of Ref. [7] , for minimum tan β(≃ 0.25), the Yukawa corrections can enhance the cross section by 10% while the electroweak corrections can decrease the cross section by more than 20%. However, for tan β > 1 the Yukawa corrections are below 1% and electroweak corrections are -4%. As shown in Fig.2 , the SUSY QCD corrections are below 2% for gluino mass larger than 100 GeV. Therefore, for tan β > 1 the combined effects of SUSY QCD, SUSY EW and the Yukawa corrections can only reach a few percent which is difficult to be detected at the Tevatron. Note that the R-parity-violating couplings in MSSM can give rise to observable effects at the upgraded Tevatron, as shown in Ref. [8] . In the R-parity-violating MSSM the total effect of SUSY is the sum of all these contributions. When using the upgrated Tevatron to set constraints to the R-parity-violating couplings, one should take into account all these contributions. 
